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ABSTRACT

An automotive emission control ,s*ystem in which the
engine timing is advanced an amount that is supplemen-
tal to the normal part throttle advance, in response to

exhaust gas recirculation (EGR) flow, to compensate
for the slower burning rate due to EGR dilution of the

engine intake charge, the EGR flow being accom-
plished by an engine driven air pump pressure con-
trolled by an air pump pressure modified by manifold
vacuum so as to be speed and load responsive, the trig-
gering pressure also being applied to the igmition timing
distributor servo. |

7 Claims, 4 Drawing Figures
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1 N
ENGINE EMISSION CONTROL SYSTEM

This invention relates in general to a system for con-
trolling emissions from an automotive.type internal
combustion engine. More particularly, it relates to one
in which the engine ignition timing is advanced in pro-
portion to the volume of recirculation of engine exhaust
gases to provide efficient combustion. -

- Exhaust gas recirculation (EGR) 1s well known as a
measure to control NO, levels. EGR dilutes the intake
charge to reduce the peak combustion temperatures and

4,124,006

_ sure, may be madequate at tlmes to open the EGR B

valve.. . -
Other examples of patent llterature that are perttnent |

to a system of this type are U.S. Pat. No. 3,834,666,

Kingsbury, and U.S. Pat. No. 3,756,210, Kuehl, respec-

~ tively, each of which uses engine exhaust gas backpres-

10

pressures which cause NO,. EGR, however, resultsina -

slower burning rate. To compensate for this, the engine
ignition timing should be advanced in proportion to the
amount of EGR so that maximum power can be devel-
oped with the minimum fuel.

15

The primary object of this invention, therefore, is to

provide a system for controlling emissions that recircu-
lates the engine exhaust gases in accordance with a

20

predetermined schedule and simultaneously advances

the engine ignition timing to compensate for the slower
burning rate of the mixture passing to the engine com-
bustion chambers.

Systems are known for controlling NO, levels and
simultaneously advancing ignition timing. U S. Pat. No.
3,809,038, R. N. Young, Exhaust Pollution Control
Apparatus, illustrates schematically in FIG. 2 an emis-
sion control system in which ported manifold vacuum
from a carburetor passes through a control box both to
the engine ignition timing servo and to a servo control-
ling an exhaust gas recirculation valve. U. S. Pat. No.
3,780,713, Julian, Vacuum Operated Spark Advance

Device, shows another system in which the engine
ignition timing is advanced simultaneous with the recir-

culation of exhaust gases by means of a carburetor-

ported manifold vacuum signal.

In both of the above cases, however, the use of vac-
uum as a control is undesirable. First, so many devices
on a car are operated by vacuum, that its dependability
as a source for actuating a control precisely is question-
able. Also, the use of ported manifold vacuum to open
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an EGR valve and control ignition timing advance 18

contrary to the way that the engine should be operated.
More particularly, the engine’s ability to withstand the

addition of EGR without misfire, which produces unde-
sirable hydrocarbon emissions, increases with load.

Therefore, the ideal schedule would be for a slowly
increasing EGR rate as the load increases. However,
with ported vacuum control of EGR, low loads (high

vacuum) produce hlgh EGR flow and a decreasmg
EGR rate as the load increases since the ported mani-
fold vacuum is used to move the EGR valve to an open

- position. |
An example of a control system in which. ported

manifold vacuum is not used as the actuator is shown in

U.S. Pat. No. 3,796,049, Hayashi, Exhaust Gas Recircu-
lation System for an Internal Combustion Engine. An

englne driven air pump provides an output pressure that
is modified by manifold vacuum the resultant being
applied to open the EGR valve. However, in this case,
while the air pump pressure varies with engme speed

435
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and, therefore, provides-an EGR flow rate that is more

pmportlonal to the schedule the engine should follow,

" there is no advancement of the ignition timing in pro-
portion to the:EGR flow to compensate for the dilution

65

of the intake chdrge:by:the EGR gases. Also, the EGR

valve actuating force, being a reduced air pump pres-

sure to control ported manifold vacuum acting on the

EGR valve to open it In this case, the triggering pres-

sure is not load and speed responsive, U.S. Pat. No.
3,865,089, Eichler et al, and U.S. Pat. No, 3,895,616,
Steinke, both show and describe engine ignition timing.

SErvos prowdmg additional timing changes to compen-
sate for cold engine operation to qulckly warm catalytlc |

_COIIVEI'tEI’S or reactors, etc.

As pointed out above, each of the prlor art devices
has disadvantages in that no system 1S provided in:
which the EGR flow schedule varies in the destred
manner as a function of engine speed and load and si-
multaneously the engine ignition timing is advanced to
compensate for the lower burning rate due to dilution of
the intake charge with EGR; and an adequate actuating
force is provided that does not decay intermittently..

It is another object of the 1nventton, thcrefore, to
provide a system for controlling emissions that recircu-
lates engine exhaust gases for controlling NO, levels
while 51multaneously the engine ignition tlrmng is ad-

vanced in prOportlon to the amount of EGR, the EGR - .

flow rate varying as a function of engine speed and load.
‘Other objects, features and advantages of the inven- -

-tion will become more apparent upon reference to the

succeeding detailed description thereof, and to the
drawings illustrating a preferred embodiment thereof;
wherein,

FIG. 1 schematlcally lllustrates an emission control - N

system constructed according to the invention;-

FIG. 2 is a somewhat less schematic illustration simi-
lar to the showing in FIG. 1; and, |

FIGS. 3 and 4 are cross-secttonal views on enlarged-
scales of details shown in FIGS. 1 and 2.
Illustrated schematically in FIGS. 1 and 2 1s an auto-.
motive type internal combustion engine 10 on which is
mounted a downdraft type carburetor 12. The carbure-
tor has a pair of the usual induction passages 14 through
which an air/fuel mixture is fed to the engine intake
manifold 15 (FIG. 2) past a rotatable throttle vaive 16.
The edge of the throttle valve traverses a so-called
spark port 18 as it moves from the essentlally closed

" position of the valve towards a wide open position to

apply the manifold vacuum acting below the throttle
valve to the progresswely increasing exposed area of

the port. In the closed position of the throttle valve, the

port 18 will be sub_]ected to athSpherlc or ambient

pressure.
Mounted on the engine between the carburetor. and

intake manifold is a spacer 20 of the type shown and
described more clearly in U,S. Pat. No. 3,885,538,
Suter, assigned to the assignee of this invention. In brlef -
the spacer contains a passage connectmg the exhaust
gas crossover passage of the engine to the intake mani-
fold below the carburetor induction passage riser bores
to flow exhaust gases back into the engme according to
a predetermmed schedule. As best seen in FIG. 4, an
EGR valve 22 is located in the passage to block or
permit flow of EGR gases. ThlS wﬂl be descnbed in
more detail later.

Also mounted on the engine is a conventmnal engine

‘spark timing distributor mechanism 24 containing a

conventtonal rotatable breaker plate (not shown) The
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breaker plate in this:case is adapted to be: actuated in
opposite directions by a servo mechanism 26 illustrated’

schematically in FIGS. '1:and 2.and in more detail in
FIG. 3. In brief, the servo mechanism :26:provides a

stepped or multistage advance. of ithe ignition-timing in 5

response to movement.-of.:the throttle. valve, and..addi~
tlonally iniproportion to" ‘the: EGR,. to control engine

emissions.” The partreular details “of:construction’ and:
operatlon of the SErvo meehamsm 26 w111 be descrlbed:-
Y10
Drlven by the englne is an au‘ pump 28 prowdmg aii
output superatmospherlc pressure level: that.varies as-a:
function of-engine Speed - The air: pump:is commonly

later S P L E NS A S R ) SR

provided to control emissions. by providing so-called
secondary (secondary to engine -primary intake):air to
the :engine exhaust ports‘to. combine  with- unburned
hydrocarbons and CO to reduce thém o -less desirable
forms such as H;0: and CO,.*Commonly associated
with the air pump is a'so-called: dump:valve:30 which
essentially is an on/off valve that normally-permits flow

to the exhaust ports except under certam englne operat-‘

e
Jl

gt

ing: cendltlens i ! R ; 1 .
In this case, dump valve 30 hasa eennectlon 320 the

engine intake manifold, as:shown. The dump-valve also
25.

has a-plutality of outlets for the air:pump pressure, one
being aline 34 to the EGR valve to open it:when the
pressure level'is correct; and another line:36 being “di-

15

20.

rected to a-so-called 51gna1 conditioner 38: The sagnal |

conditioner’ 38 also receives -an input from the: engine
iritake manifold through line 32. It operates to condition

the input air pump pressure through line-36 as a function.

of the changes in manifold vacuum to provide an output
pressure in a line 40 that varles both as a function of
spéed and load: This.output: pressure is supplied past a
temperatiire sensitive control valve'42 through a line 44
to“both the ignition timing control servo'26 and to the
EGR valve servo 22. In this way, the EGRvalve will
be actuated aceordlng to a schedule that varies as a
function of both engine 3peed and load. ThlS simulta-
neously advances'the englne 1gn1tlen tlnung |

The temperature responsive device 42 is. merely a
gradient Openlng-closmg control which, below a prede--

termined engine operating- temperature level, blocks

30. 1

35.

passage 44 to provide better ‘engine- drwablllty, and

above that temiperature level gradually opgns:s6 as to

slewly pernut the'recirculation of exhaust gases and_

advancemient of the ignition timing. i = © |

- Further details- of - construction: - o‘f the devices as

shown in FIGS:'1 and'2, except for the. 1giition timing
SErvo- meehanlsm 26 and 'the EGR servo actuator 22,
which' are stiown in more detail. in FIGS. 3 and 4, are
not given:since they’are known ‘dnd believed-to be-un-
necessary for an understanding of the invention. Suffice
it to say insofar as signal conditioner: 38" 18 concerned,
this could be of seveéral general types, one'of which is
shown and ‘describéd,: for exaniple; in U:S. Pat. No.

3,885,538, referred to above.:In that case, air pump.
pressure is modified by manifold -vacuum acting on-a

diaphragm to provide a resultant pressure operable on
an EQR valve. Similarly, U.S. Pat: No. 3,796,049, re-
ferred to above, shows an’air pump:pressure modified

by ehanges in intake"manifold' vacuum::to' provide; a
modified output pressure in a line acting on an EGR:

50
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valve: In:both cases, the output. superatmospherlcspres-r o

sure varies essentially in 1nver'~:e pr0p0rt10n to lncreases.;

in manifold vacuium. B S R T T

65

FIG. 3 shows the detaﬂs of conétruetlen of the multra-,..;;-,;_-;f
stage ignition. timing contre] servo, 26 More particus . .

4
larly, the servo consists of a main housmg 50 and a bell
shaped like ‘cover 52 betwéen ‘which is edge mounted an
annular flexible diaphragm 54. The diaphragm divides
- the servorinto-a spark port vacuum chamber 56 and an
atmospheric: pressure: or ambient: pressure chamber 58.
The vacuum chamber . 56.1s connected.by.a nipple 60 to
the :carburetor: part throttle spark port 18 shown in
FIGS. 1-and 2. Diaphragm 54:is secured centrally by a
rivet 62 between a ‘spring retainer or ‘washer 64 and the
inner diameteérof an inner housing:66. A spring 66 is
seated  at' one -end against the washer and at the other
end- againt a 'spring Tretainer - 68 -that is ‘adjustably
threaded onto-an‘adjusting screw 70. Screw 70 is float-
ingly:mounted inside 'the cover 52. The adjusting screw
has a central aperture within which is screwed a stop
member 71 that:locates the leftward movement or igni-
tion timing advance movement of diaphragm 54. -
. The:breaker: plate for distributor 24 shown in FIGS.
1 and 2 has a lever 72 secured to.it whereby advance or
retard movement of the ‘breaker :plate will occur in a
known manner when the lever moves in a leftward or
rightward’ direction, respectively, as-seen in FIG. 3.
The leftward end of lever 72 is peened ‘against a washer
74 abutting a retainer 76 and a spacer 77. In the position
shown, the retainer 76 also abuts a retainer-78 for a
secondary ‘annular flexible diaphragm 80 that provides
the additional advance proportional to' EGR flow ‘de-
scribed : prevmusly ‘The diaphragm 80 is ‘washer-like
havmg inner ‘and' outer ‘annular edges 82 and 84. The
inner edge is sandwiched between the retainér 78 and.
the: inner diameter of a washer-like I'lgld housing 86.
The ocuter edge of the diaphragm 80 is sandwiched
between ‘the outer diameter of the heusmg 86 and the
outer portion of the innér cover 66. - -

*The dlaphragm 80 is nermally biased rlghtwardly as:
shown:in FIG: 3 by a spring 88 that seats at oné end
against the retainer 76 and at the opposite end-against a |
retainer 90..'The retainer ‘90 is-threaded ‘onto a screw
device 92 that fits into'the pilot hole of rivet 62 with an

‘O-ring seal member 94 between. The retainer 90 has a

number of circumferentially spaced holes 96 through
which tangs 98 project-to prevent rotation of- the re-
tainer with respect to the screw 92. The tangs 98 are

punched out of the inner housing cover 66. The oppo-

site enid’of screw 92 has a hexagonally shaped hole 100
to permit the entry of an allen head type wrench: Rota-
tion-of the wrench will cause a rightward or leftward
movement of retainer 90 to preload: the spring 88. The:
preloaded ‘spring’ biases the secondary diaphragm 80
rightwardly until the retainer 76 abuts the retainer 79
and the housing 86 against the stationary housmg 50.

+ Completing the construction; the modified air punip
pressure. or- pressure from the signal conditioner:38 *
shown in FIGS. 1 and 2 is supplied to the housing t& act

against the ‘secondary dlaphragm 80 through & nylon

adaptor 102. The latter is pushed through ar opéning in"
the housing 86 and:secures a rolling seal' member 104 to -
the: housing. The outer ‘end of the rolling seal 106 is -
clamped to'the housing by an additional cover 108 con- -
taining a nipple connected:to the sugnal pressure: hne 4.
The:rolling seal together wrth the cover 108 form an atr o
pressure chamber110.- R LI PR :
* In: operation, as shewn, theﬁlever 72 18 shown in a

maximurm eéngine : ignition. retatrd ‘position. ‘The part

throttle:advance spring 66:locates. the: part throttle dia-
phragm!54:.as shown' pushingthe ifinef covér 66 and __

housing 86! agdinst the: stationasy Hbusing 50: “At the

same time;: the-inner.spring 88 pushes -the ‘retainer 76 -
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against the retainer 74. No air pressure-is present in
chamber 110. -

With the engine started depression of the throttle
pedal provides part throttle vacuum from the spark port
18 to the nipple 60 to vacuum chamber 56 to act on
diaphragm 54. Once the preload of spring 66 is over-
come, diaphragm 54 will move leftwardly pulling the
housings 66 and 86 in the same direction. Housing 86
therefore moves inner retainer 78 and retainer 76 left-
wardly to move the lever 72 in the same direction. This
will continue as long as the part throttle spark port
vacuum increases until the rivet 62 abuts against the
adjustable stop 71. At this time, the part throttle ad-
vance will be halted.

In addition to the above advance movement, as soon
as the modified air pump pressure from the signal condi-
tioner flowing to the EGR valve is sufficient to trigger
the EGR valve to open, this same pressure through the
cover 108 will act on the secondary diaphragm 80 push-
ing retainer 76 against the resistance of spring 88. As-
suming that the preload of spring 88 is overcome at the
same time the EGR valve opens, the secondary dia-
phragm 80 moves leftwardly to move retainer 76 and
thus move lever 72 in the advance direction an amount
that is additional to that already provided by the part
throttle advance. The amount or distance travelled will
be limited by an abutment 112 on lever 72 that abuts the

rolled over end of retamer 78 to stop the advance move-
ment. .

Thus, the distributor actuator servo will prowde a
conventional part throttle vacuum advance, indicated

as a distance “A” in FIG. 3, and an additional advance
distance ‘“B” proportional to the EGR flow. Ignition
timing thus will be advanced as EGR flow occurs to
compensate for the slower burning rate of the mixture

as the result of adding exhaust gases to the engine intake
charge.

FIG. 4 illustrates the details of constructlon of one
form of an EGR valve that can be used with the inven-
tion. More specifically, the EGR valve assembly 1n-
cludes a housing 120 that is bolted to the spacer 20

between the carburetor and engine intake manifold
shown in FIGS. 1 and 2. The housing 1s hollow to de-

fine a chamber 122 having an inlet 124 and an outlet 126.
Inlet 124 is connected to the engine exhaust gas cross-
over passage described previously to flow exhaust gases
into the chamber. Passage 126 is connected to the en-
gine intake manifold below the carbureior throttle riser
bores, as also described previously. Passage 126 at its
upper end is adapted to be closed by a vertically mov-
able valve pintle 128 that, in this case, constitutes the
plug of a sonic nozzle. The latter-is shown and fully
described in U.S. Pat. No. 3,981,283, Kaufman, assigned
to the assignee of this invention. In brief, the pintle 128
and nozzle outlet 126 are so designed and proportioned
as to maintain sonic flow to the gases flowing between
the two over essentially the entire EGR Operatmg range

of the engine.

Secured over the housing 120 is the housing 130 of
the exhaust. gas recirculating (EGR) servo mechanism
22. The lower portion of the housing defines an EGR
positioner or first servo mechanism. An annular flexible

diaphragm 134 is edge mounted in the housing and

secured to the stem 136 of the EGR valve pintle 128.
Diaphragm 134 divides the housing into an atmospheric
air chamber 138 and a variable air pressure chamber
140. Chamber 140 is connected by an adapter 142
through an orifice or controlled opening 144 to the air
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6

pump pressure line 34 illustrated in FIGS. 1 and 2. The
air chamber 138 is connected to atmosphere or ambient
pressure by means of a vent line 146. A spring 150 nor-
mally. biases the diaphragm 134 and EGR valve to a
closed position.

The diaphragm 134 is provided with a hole 152 to
provide communication between the pressure chamber
140 and the air chamber 138. Overlying the end of valve

stem 136 and the hole 152 is a hat shaped member 154
with a hole 156. Normally closing the hole is a flat disc

valve 158 that is biased by a spring 160 upwardly as -

shown to seat against the hole 156. The parts just de-
scribed define an air bleed device for controlling the
positioning of the EGR valve by decaying the air pump
pressure used as the force to move the valve to an open
position. o |

The upper portion of the Servo housmg defines a pilot
servo or EGR valve position regulator. A second arinu-
lar flexible diaphragm 162 divides the upper portion of
the housing into again an atmospheric pressure chamber
164 and a variable pressure chamber 166. In this cham-
ber 166 is connected by a tube 168 to the signal pressure
line 44 leading from the signal conditioner 38 shown in
FIGS. 1 and 2 so as to be responsive to engine speed and
load conditions. The air chamber 164 is connected to
atmosphere by a tube 170. The diaphragm 162 is se-
cured to the upper end of an actuating stem or plunger
172 that is secured to a rolling seal 173 and extends

downwardly to abut the bleed valve disc 158. The roll-
ing seal separates the air chamber 138 and variable pres-

sure chamber 166.

A spring 174 normally biases the dlaphragm 162 and
plunger 172 downwardly to a position where the bleed
valve 158 is unseated from the opening 156. This per-
mits air at atmospheric pressure to bleed the air pump
pressure from chamber 140 10 a value below that neces-
sary to-actuate the EGR. valve against the force of
spring 150. It should be noted that the area of hole 152
is larger than that of the supply opening 144 so that the
bleed valve, when open, can decay the air pump pres-
sure below the necessary level. It should also be noted
that the sizing of the diaphragms and other parts will be
such that the EGR valve 128 when actuated will main-
tain a fixed position regardless of the force unbalance
across the valve 128 because of the exhaust gas pressure
and manifold vacuum acting on the pintle.

In operation, as soon as the signal pressure from the |
signal conditioner rises sufficiently to move the dia-
phragm 162 against the preload of spring 174, the
plunger 172 will move upwardly and permit the disc
valve 158 to seat against the opening 156, thereby seal-
ing chamber 140 from communication with the atmo-
spheric air in chamber 138. A buildup in air pump pres-
sure will then occur until the force of spring 150 is
overcome. The EGR valve 128 will then move up-
wardly to a position dependent upon the force of the air
pump pressure. As the valve moves upwardly, the dia-
phragm 134 will move to a position until disc valve 158
engages the end of the plunger 172 to unseat the valve
and again begin bleeding the air pump pressure to atmo-
sphere. This will stop movement of the diaphragm 134.
Continued decay of the pressure will permit the spring
150 to begin moving it downwardly again until the disc
valve is again seated. This back and forth action will
continue unttl an equilibrium position is reached
whereby the position of the pintle 128 1s dictated by the
initial movement of the plunger 172 will be attained.
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In overall operation, in brief, with the engine off,
atmospheric pressure exists in the spark port vacuum
line 60 leading to the multi-staged distributor servo 26,
and also in the air pressure line leading to the second
diaphragm chamber 110. Accordingly, the springs 66
and 88 position the distributor breaker plate lever 72 in

its rightwardmost position or the maximum ignition
timing retard position. Atmospheric pressure also exists

in the EGR servo 22 permitting the spring 150 to seat
and close the sonic EGR valve 128, and the spring 174
to move plunger 172 to unseat the dlSC valve 158
Therefore, no EGR flow occurs. | SRR

Once the engine is started, at engine idle, the same
conditions prevail as described above since the low air
pump pressure in chamber 110 is chosen to be insuffi-
cient to overcome the preload of spring 88 in the servo
26 and the preload of spring 174 in EGR valve. As soon
as the throttle valve 16 is moved to an open position
subjecting spark port 18 to vacuum, and once the pre-
load of servo spring 66 is overcome, spark port vacuum
in line 60 will act on diaphragm 54 to pull it leftwardly.
This will move the inner housing cover 66 in the same
“direction and through the housing 86 and retainer 78
move the retainer 76 and breaker plate lever 72 in the
same direction to slowly advance the engine ignition
‘timing. Also, as the throttle plate is moved to an open
posmon placing the engine under load, the increase in
“the air pump pressure to the signal conditioner 38, cou-
pled with the decrease in manifold vacuum level, sends
a'modified signal pressure to the EGR position regula-
tor servo to move Its diaphragm 162 upwardly. This
moves the plunger 172 in the same direction and allows
the bleed valve 158 to be seated by the spring 160
against the opening 156 to seal off the chamber 140. The
air pump pressure supplied to chamber 140 then builds
up and when it is sufficient to overcome the preload of
Sprmg 150 begins moving the EGR-valve 128 upwardly
in proportlon to the level of the sagnal pressure in line

44,

Simultaneously, the signal pressure in chamber 110 of
the distributor servo 26 acts on the secondary dia-
phragm 80 to push the same leftwardly movmg the
retainer 76 and the breaker plate lever 72 in the same
direction. An advance that is additional to the part
throttle advance is thus imparted to the breaker plate to
compensate for the addition of EGR to the system to
thereby provide better combustion efficiency.

The above conditions continue with the EGR flow
varying in proportion to the load until a wide open
throttle (WOT) position is attained. At this point, a
cut-off device (not shown) in the signal conditioner will
be activated at a predetermined low manifold vacuum
level so that no EGR will flow under these conditions.
This is necessary because at WOT maximum power 1s
only obtained by the maximum utilization of the total alr
available. | - |

From the foregomg, it will be seen that the invention
provides an emission control system that simultaneously

controls EGR and ignition timing advance to provide

efficient control of emissions while at the same tlme

providing good engine operation. |
While the invention has been shown and desc:rlbed n

its preferred ‘embodiments, it will be clear to those
skilled in the arts to which it pertains that many changes

and modifications may be made thereto w1thout depart-
mg from the scope: of the 1nvent10n ; --
What I claim is:
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1. An emission control system for an internal combus-
tion engine having intake and exhaust manifolding, a
carburetor mounted on the engine and having a throttle
valve controlled air/fuel mixture induction passage, the
passage being open at one end to air essentially at atmo-
spheric pressure and connected at its opposite end to the
engine intake manifold, a pressure sensing port in the
passage adapted to be traversed by the edge of the
throttle valve as the valve moves from an idle speed
closed throttle position to an open throttle position
whereby the port pressure varies progressively from an
essentially atmospheric pressure level to the subatmo-
spheric pressure level of the intake manifold, the system
including an air pump driven by the engine providing a
source of superatmospheric pressure varying as a func-
tion of engine speed, means for modifying the air pump
pressure as a function of changes in engine manifold
vacuum to provide a signal pressure that varies as a
function of both engine speed and load, an engine igni-
tion timing distributor breaker plate movable 1n oppo-
site directions to'operably advance and retard the en-
gine ignition timing, multi-stage servo means connected
to the breaker plate to move-the same, an exhaust gas
recirculating (EGR) system including a first conduit
connecting exhaust gases to the intake manifold, an
(EGR) valve in the conduit movable between a closed

‘and open position to control flow through the conduit,

second servo means connected to the (EGR) valve for
moving the same between the open and closed posi-
tions, first conduit means operatively connecting the
carburetor induction passage pressure port to a first part
of the distributor multi-stage servo to effect a first stage

part throttle movement of the same in an advance direc-
tion to provide part throttle ignition timing advance as

a function of increases in the port vacuum level, second
conduit means operatively connecting the air pump
pressure to the (EGR) second servo means to actuate
the (EGR) valve at times to an open position to permit
the flow of exhaust gases to the manifold as a function
of the level of the air pump pressure, control means
operatively connected both to a second: part of the
multi-stage servo and to the second servo means for
simultaneously controlling a second stage supplemental
movement of the distributor multi-stage servo in an
advance direction and the operativeness of the second
servo means, and further conduit means connecting the
signal pressure to the control means to control the actu-
ation of the servo in timed relation to the actuatlon of

the (EGR) valve by the air pump pressure..

2. A system as in claim 1, the second servo means
including means-operable below a predetermined signal
pressure level to render the air pump pressure in the
second conduit means ineffective to move the (EGR)

valve and operative above the predetermined level to

effect variable movement of the (EGR) valve.
3. A system as in claim 1, the second servo means

—including-a normally open air bleed device in the sec-

60
closing the bleed device to permit actuation of the

635

sure.

ond conduit means for decaying the air pump pressure,
a spring biasing the (EGR) valve to a closed position,
and :other means actuated by the signal pressure for
(EGR) valve to an 0pen posmon by the air pump pres-

4. A systemas in clalm 1 the means for modlfylng the

‘air pump pressure COmprising a pressure reducer having
a first input connected to the air. pump pressure and a

secone input connected:to the manifold vacuum for

- reducing the air. pump pressure as a_ function of in-
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creases in manifold vacuum level to provide in an outlet
the output signal pressure that varies in inverse propor-
tion to increases in manifold vacuum level.

5. A system as in claim 1, the multi-stage servo first
part including a diaphragm connected to the breaker
plate and actuated by pressure port vacuum a first dis-
tance in a first direction, and a second diaphragm opera-
tively connected to the breaker plate for supenmposmg
an additional movement of the breaker plate in the same
direction as a function of (EGR) flow.

6. A system as in claim 1, including on-off tempera-
ture responsive valve means in the further conduit
means movable to an off position below the engine
normal operating temperature level to block flow of
signal pressure to the control means to maintain a less
advanced ignition timing without (EGR) flow during

cold engme Operatmg conditions.

7. An emission control system for an internal combus-
tion engme havmg intake and exhaust manifolding,
comprising an air pump driven by the engine providing
a source of air at superatmosPherlc pressure, a carbure-
tor mounted on the engine and having an air/fuel induc-
tion passage open at one end to a source of fresh air and
connected at its opposite end to the intake manifold of
the engine, a throttle valve mounted for movement

3
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across the passage to control flow therethrough, the
passage having a spark timing pressure sensing port
located to be traversed by the edge of the throttle valve
when the throttle valve moves from an essentially
closed idle speed position to an open position beyond
the port whereby the spark port pressure varies pro-
gressively from an essentially atmospheric pressure
level to the subatmospheric pressure level of the intake
manifold, a distributor breaker plate movable in oppo-
site directions between maximum and minimum posi-
tions to operably advance or retard the engine spark
timing, a conduit connecting exhaust gases from the
exhaust manifolding to the intake manifold, an exhaust
gas recirculating (EGR) valve in the conduit variably
movable between closed and open positions to control
the flow of (EGR) gases, second conduit means at times
connecting a source of superatmospheric pressure to the
(EGR) valve to actuate the same t0 an open position,
and multistage vacuum servo means operably con-
nected to the breaker plate for moving the same be-

tween its positions in response to the change in the level
of the pressure in the pressure sensing port and 1in the

second conduit means acting on the servo means.
¥ %k ¥ X %
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